Trastuzumab improves clinical outcomes in patients with human epidermal growth factor receptor-2-positive breast cancer. However, cardiotoxicity is a potentially important concern, and the long-term cardiac effects of trastuzumab therapy remain unclear. Although reduction of cardiac function by trastuzumab is mostly reversible, some patients, especially those with cardiac risk factors, may rarely experience chronic heart failure or prolonged left ventricular ejection fraction reduction. There have been no detailed published analyses of patients with such unfavorable clinical courses. We report the rare case of a metastatic breast cancer in a woman without cardiac risk factors who experienced long-term irreversible cardiotoxicity after discontinuation of trastuzumab therapy.
INTRODUCTION
Trastuzumab therapy has led to meaningful improvements in clinical outcomes of patients with early-stage and metastatic breast cancer overexpressing human epidermal growth factor receptor-2 (HER2) [1, 2] . Trastuzumab is generally well tolerated, but it is associated with a potentially important clinical concern regarding cardiac dysfunction. Trastuzumab has been associated with Type II chemotherapy-related cardiac dysfunction, as opposed to cardiotoxicity related to anthracyclines (Type I chemotherapy-related cardiac dysfunction) [3] . Several factors such as previous anthracycline therapy, medication for hypertension, radiation treatment to the left chest, lower baseline left ventricular ejection fraction (LVEF) and older patient age are known to increase the risk of trastuzumab-induced cardiotoxicity [4] [5] [6] . Although the main cardiotoxicity of trastuzumab is only an asymptomatic decline in LVEF and is mostly reversible with interruption of trastuzumab or cardiac medication, some patients, especially those with cardiac risk factors, may rarely experience chronic heart failure or prolonged LVEF reduction. In addition, the long-term cardiac effects of trastuzumab therapy for such patients remain unclear, and there have been no detailed analyses of patients with such unfavorable clinical courses with prolonged cardiotoxicities resulting from treatment with trastuzumab.
Here, we present the rare case of a metastatic breast cancer in a postmenopausal woman without cardiac risk factors who experienced long-term irreversible trastuzumab cardiotoxicity despite discontinuation of therapy.
CASE REPORT
In August 2012, a 52-year-old woman presented to the Department of Breast Surgery at Osaka-Minami Medical Center with a complaint of a 1-year history of a left breast mass with bleeding tendency. The patient was in good health, having no comorbidities and taking no medications. On physical examination, an 8-cm hemorrhagic mass with skin invasion was noted in the upper inner quadrant of the breast. Several swollen lymph nodes were also palpable in the left axillary and supraclavicular regions. Tumor biopsy revealed invasive ductal carcinoma. The tumor was found to be estrogen receptor-positive (90%), progesterone receptor-negative (0%) and HER2-positive (3+) by immunohistochemical examination. Chest and abdominal computed tomography showed multiple lymph node metastases between the left axillary and periclavicular regions, as well as solitary liver metastasis. Bone scintigraphy revealed multiple bone metastases. The cancer was staged clinically as stage IV (T4b N3c M1).
The patient was first treated with paclitaxel (90 mg/m 2 ) plus trastuzumab (2 mg/kg) every week for 12 cycles from September to December 2012. After that, owing to grade 3 peripheral neuropathy induced by paclitaxel, she underwent treatment with trastuzumab (6 mg/kg) alone every 3 weeks until September 2014. Zoledronic acid (4 mg) every 4 weeks was also administered for bone metastasis from the beginning of therapy. These treatments were very effective, resulting in marked reduction in size of not only the breast tumor but also the metastatic lymph nodes and liver tumor. The patient's cardiac function was evaluated by echocardiography every 6 months from the initiation of treatment. At the beginning of therapy, the LVEF as assessed by echocardiography was within normal limits (64%), but it demonstrated a decline to 39% in September 2014. Although, the patient reported no cardiac symptoms during this course of therapy, the decision was made, with reluctance, to discontinue the trastuzumab owing to cardiotoxicity. From October 2014 to April 2015, anastrozole (1 mg) as maintenance hormonal therapy plus monthly denosumab (120 mg) was administered, but the breast tumor increased in size. The patient was then treated with fulvestrant (500 mg) every 4 weeks for 5 months as secondline hormonal therapy. From October 2015, at the patient's request, she was on a 3-month hiatus from treatment. The breast tumor alone continued to grow, with bleeding tendency, and the patient received Mohs paste therapy in January 2016. From the following month, exemestane (25 mg) plus everolimus (10 mg) was administered until December 2016, achieving stable disease. Over a period of more than 2 years after trastuzumab discontinuation, the patient's LVEF did not recover to within normal limits. The time course of the patient's treatment and the contrasting LVEF changes as assessed by echocardiography were summarized in Figs 1 and 2 , respectively. After the initial LVEF decline, she regularly visited the cardiologist to undergo follow-up of cardiac function, without taking any medications because of the lack of cardiac symptoms.
DISCUSSION
We report the rare case of a woman with metastatic breast cancer without any cardiac risk factors who experienced long-term irreversible trastuzumab cardiotoxicity despite discontinuation of the drug. To the best of our knowledge, there have been no previous detailed case reports that have described the same clinical course as that in this case. The cardiotoxicities associated with trastuzumab were first reported in metastatic breast cancer cases, with~22% of patients receiving trastuzumab experiencing symptomatic or asymptomatic cardiac dysfunction [1] . While the drug has significant therapeutic effect, the cardiotoxicity of trastuzumab, ranging from asymptomatic left ventricular dysfunction to congestive heart failure, has emerged as a critical concern in clinical practice [1, 2, 7] . Trastuzumab-related cardiotoxicity has been considered dose-independent and highly reversible even when the drug is continued, in contrast with anthracycline regimens [8] . Unlike the defined period of adjuvant therapy for early-stage breast cancer, the cardiac effects of prolonged trastuzumab administration in a metastatic setting have yet to be clarified, because there have been few studies, despite the increasing numbers of patients who have actually received trastuzumab for several years. In the MD Anderson Cancer Center cohort, the largest study of detailed cardiotoxicities of long-term trastuzumab therapy for metastatic breast cancer, the median cumulative time for trastuzumab administration was 21.3 months, and 49 patients (28% of the total cohort) experienced cardiac events. All but three patients experienced improved LVEF or symptoms of congestive heart failure with trastuzumab discontinuation and cardiovascular treatment. Unfortunately, details of the clinical course of the three patients who did not recover from the cardiotoxicities were not available [4] .
Although several risk factors are considered to increase trastuzumab-induced cardiotoxicity [4] [5] [6] , our patient did not have any significant risk factors, and pretreatment risk stratification is challenging in clinical practice. In terms of the efficacy of trastuzumab, considering the fact that an excellent antitumor effect was obtained during trastuzumab therapy and maintained after discontinuation of trastuzumab, except for the breast tumor, the breast cancer in this patient was suspected to be very sensitive to trastuzumab. Although there is neither a justifiable determinate pathogenesis nor clinical evidence, and no more than speculation, higher sensitivity to trastuzumab therapy might contribute to the onset and/or prolongation of the cardiotoxicity of the drug. In this case, trastuzumab was discontinued only after the LVEF decreased to 39% in September 2014. However, 6 months earlier, the LVEF had already shown a declining tendency, even though the decrease was within <10% from baseline (Fig. 2) , so if trastuzumab had been withdrawn at that time, the patient's cardiac function might have recovered earlier. As the patient had no cardiac risk factors, we evaluated cardiac function only every 6 months during trastuzumab administration, but it should be performed more frequently (e.g. every 3 months according to National Comprehensive Cancer Network (NCCN) guidelines [9] ) to identify early changes in LVEF. In addition, echocardiographic strain imaging is considered to be useful for the detection of sub-clinical left ventricular dysfunction than LVEF by standard transthoracic echocardiography [10] . The clinical utility of cardiac markers such as troponin and B-type natriuretic peptide are controversial in the diagnosis or prognosis of trastuzumab-induced cardiotoxicity according to the conflicting results of recent clinical studies [11, 12] . Prophylactic administration of myocardial protective agents such as angiotensin receptor inhibitors and β-blockers, which are generally used for heart failure, may be useful for preventing cardiotoxicity associated with prolonged administration of trastuzumab. In the adjuvant setting, several clinical trials showed that these protective effects on cardiac functions had positive results in terms of maintaining LVEF at baseline levels [12, 13] . Hence, even without risk factors as in this case, for the patients with metastatic breast cancer, oncologists may consider prophylactic administration of these drugs during longterm (e.g. over 1 year) trastuzumab therapy in the collaboration with cardiologists.
In conclusion, although it is limited to a single case study, the present data can further highlight the potential irreversibility of trastuzumab-induced cardiotoxicity. Physicians must be careful to balance the benefits and harms of prolonged trastuzumabbased therapies, especially for patients with cardiovascular risk factors, such as older age and previous anthracycline exposure. Therefore, further studies with larger sample sizes will be required to provide a comprehensive understanding of cardiotoxicity associated with long-term trastuzumab administration.
